Introduction {#s1}
============

*Clostridium difficile* (*C. difficile*) is a spore-forming, gram-positive bacterium that causes infectious diarrhea and colitis. *Clostridium difficile* infection (CDI) has become one of the leading hospital acquired infections in the United States \[[@R01]\]. Exposure to hospital setting and antibiotics are known to increase the risk of CDI. However, it is becoming increasingly prevalent in the outpatient setting \[[@R02], [@R03]\].

CDI recurrence can occur in 15-20% of cases after the first episode and subsequent rates of recurrence are even higher (33-60%) \[[@R04]-[@R07]\]. Advanced age (\> 65 years), concurrent use of antibiotics for non-CDI, use of proton pump inhibitors (PPIs) and presence of comorbidities are factors associated with recurrence \[[@R08], [@R9]\]. The rate of CDI recurrence has increased since the year 2000 and the emergence of hypervirulent strain, ribotype 027, may have contributed to this factor \[[@R10]\].

CDI recurrence can be due to relapse (resumption of primary infection) or reinfection (new exposure to *C. difficile*). It can be difficult to differentiate the two in a clinical setting but the management of both is similar. The cornerstone of recurrence is reduced diversity of the microbiota and loss of resistance to colonization by opportunistic infections like *C. difficile*. Standard antibiotic treatments and recurrent episodes contribute to the development of a vicious cycle of gut dysbiosis \[[@R10]\].

As per the recent Infectious Disease Society of America recommendations, the treatment options for second recurrence of CDI are vancomycin with tapered or pulsed regimen, or oral vancomycin followed by fidaxomicin or rifaximin, or fecal microbiota transplantation (FMT) \[[@R11]\]. The aim of FMT is to restore "normal" flora to the human gut and prevent colonization of pathogenic bacteria. A study comparing fecal samples before and after FMT showed marked difference in gut bacteria after FMT. Fecal microbiota of patients after FMT was more diverse and resembled the donor microbiota rather than host microbiota prior to transplant, suggesting that the imbalance of microbiome during recurrent CDI is at least partially restored following FMT \[[@R12]\]. FMT is recommended for patients with multiple recurrences who have failed appropriate antibiotic regimens \[[@R11]\].

Cure rates with FMT for CDI in the general population have been reported as high as 90% \[[@R13]\]. Higher treatment failure rates in patients with comorbidities and immunocompromised state have been reported \[[@R14], [@R15]\]. In patients with inflammatory bowel disease (IBD), there is a concern for flare in those undergoing FMT for CDI. Fischer and colleagues reported in their observational multicenter cohort study of 67 patients, a lower but reasonable success rate in IBD patients (80%) with low rates of complications and IBD flare \[[@R16]\]. FMT was also effective in severely ill patients and those with multiple comorbidities although safety was a concern \[[@R17]-[@R19]\]. A recent study carried out in a single-center tertiary care hospital with a long-term follow-up evaluated 78 patients with and without IBD for a median period of 25 months (interquartile range (IQR) 16 - 37 months) and found no difference in the primary cure rate (77%) and secondary cure rate (100%) in the two groups (27% IBD). This again suggests an overall similar cure rate in patients with comorbidities \[[@R20]\].

In this case series, we describe a tertiary care center's experience with FMT for recurrent CDI in patients with varied clinical background including those with comorbidities and IBD.

Materials and Methods {#s2}
=====================

Definitions and outcomes {#s2a}
------------------------

CDI was defined as presence of diarrhea (≥ 3 loose stools in 24 h) and stool test positive for *C. difficile* toxin by Cepheid gene Xpert infinity PCR at the local institution laboratory. Early FMT failure was defined as diarrhea and positive stool test for *C. difficile* toxin within 8 weeks \[[@R21]\], and recurrence/late FMT failure was defined as diarrhea and positive test after 8 weeks. Severe CDI was defined as CDI associated with elevated serum creatinine ≥ 1.5 mg/dL, and white blood cell count \> 15,000/mL \[[@R11]\].

Setting {#s2b}
-------

Guthrie Health System/Robert Packer Hospital, Sayre, PA, USA is a 254-bed tertiary care, community teaching hospital with a clinical microbiology laboratory that receives samples from all inpatients and outpatients of the hospital system.

Inclusion criteria {#s2c}
------------------

Adults \> 18 years of age with three or more recurrences of CDI who were evaluated in outpatient clinic by treating gastroenterologist (PS) were included. There were no specific exclusion criteria.

FMT {#s2d}
---

### Initial consultation {#s2d1}

Prior to scheduling FMT, a consultation was arranged with the physician performing the FMT procedure to determine appropriateness of FMT indication. At that time, a suitable donor was identified, and informed consent was obtained. A standard FMT protocol was used with modification at the study center \[[@R22]\].

### Patient and donor screening {#s2d2}

The donor was a person known to the patient (friend or relative), willing to participate in FMT. Donors were screened for hepatitis A, B, C, HIV, syphilis, *C. difficile*, parasites and enteric pathogens (including *E. coli* O157:H7). The donors were excluded if they used antibiotics 3 weeks prior to the transplantation, were on anticancer drugs, suffered from chronic diarrhea, IBD, colorectal cancer, or engaged in high-risk sexual behavior. Patients were screened for hepatitis A, B, C, HIV and syphilis.

### Donor stool preparation {#s2d3}

The donor and the patient prepared stool for FMT. The donor was asked to take a capful of over-the-counter polyethylene glycol 3350 mixed with water the evening prior to the scheduled FMT. The next morning, a fistful amount of the donor's stool was collected and dissolved in 500 cc of normal saline (provided by the hospital as part of the preparation kit). The mixture was filtered through a disposable coffee filter or strainer to eliminate particles. The fluid was collected in a clean plastic container and refrigerated in a portable cooler as it was transported to the endoscopy unit. The stool effluent was used within 6 h of collection.

### FMT procedure {#s2d4}

Patients had a standard colonoscopy preparation the evening prior to the examination. The colonoscopy was performed in the standard fashion, and in the right colon approximately 500 mL of the donor stool was instilled. Patients were instructed to take two antidiarrheal tablets prior to the procedure and hold the stool for at least 2 h or as long as possible after the procedure in the left lateral position. Vancomycin taper was continued till the day before FMT. Vancomycin was stopped after FMT.

### Follow-up consultation {#s2d5}

Patients were followed by the treating physician in clinic after 1 month of the procedure and subsequently based on symptoms.

Data collection {#s2e}
---------------

Electronic chart review was done to collect patient data including demographics, severity of CDI, number of CDI recurrences, antibiotic use, comorbidities and outcomes. Data were collected on patients who underwent FMT from January 2015 to August 2017. Charts were analyzed in November 2018. The study was approved by Institutional Review Board (IRB 1810-64).

Statistical analysis {#s2f}
--------------------

Descriptive analyses like frequencies and measures of central tendencies were used for continuous variables. Due to low sample size, further statistical analysis could not be performed.

Results {#s3}
=======

Twenty patients underwent FMT. Mean age was 62.4 ± 16.57 years with 35% (7/20) being male. Twelve (60%) patients had documented prior antibiotic use before initial CDI. Fourteen (70%) patients were active or former smokers. Thirteen (65%) patients were on PPIs. Five (25%) patients had an episode of severe CDI at some point. One patient (5%) had severe sepsis with fulminant CDI refractory to oral and intravenous antibiotics along with recurrence of CDI requiring gastrojejunal vancomycin before FMT. The median follow-up period was 25.4 months (IQR 20 - 31 months).

Three patients (15%) had end-stage renal disease (ESRD), five (25%) had malignancy and three (15%) had IBD, out of which two had Crohn's disease (CD) and one had ulcerative colitis (UC). Two (10%) patients had irritable bowel syndrome (IBS) ([Table 1](#T1){ref-type="table"}). Out the total 20 patients, six (30%) patients were immunosuppressed due to chemotherapy for malignancy or IBD medications.

###### Baseline Patient Characteristics

  Serial number   Age   Sex   Smoker   PPI/HRA   IC       CCI
  --------------- ----- ----- -------- --------- -------- -----
  1               88    F     Yes      PPI       No       7
  2               84    M     Yes      HRA       No       11
  3               60    F     Yes      PPI       No       11
  4               61    M     No       None      No       2
  5               51    F     No       None      No       1
  6               79    F     Yes      PPI       No       5
  7               60    F     No       None      No       2
  8               68    F     No       PPI       Yes^a^   5
  9               37    F     Yes      PPI       Yes^b^   0
  10              63    F     No       None      Yes^b^   2
  11              46    F     Yes      HRA       Yes^c^   2
  12              38    M     Yes      PPI       Yes^b^   0
  13              73    M     Yes      PPI       Yes^d^   15
  14              76    F     Yes      PPI       No       5
  15              40    M     Yes      PPI       No       0
  16              86    M     Yes      PPI       No       9
  17              39    F     Yes      PPI       No       1
  18              68    F     No       PPI       No       4
  19              75    M     Yes      None      No       4
  20              56    F     Yes      PPI       No       5

^a^Chemotherapy for breast cancer, non-Hodgkin lymphoma. ^b^Immunotherapy for inflammatory bowel disease. ^c^Chemotherapy for breast cancer. ^d^Chemotherapy for lung cancer. PPI: proton pump inhibitor; HRA: histamine receptor antagonist; IC: immunocompromised; CCI: Charlson comorbidity index.

Overall, six patients (43%) had FMT failure (early and late). Two patients (10%) had early FMT failure. Out of the two early failures, one patient (no. 10) with a history of UC reported improvement in frequency of bowel movements and had partial response to FMT but had positive stool test for *C. difficile* PCR within 10 days after FMT. Second patient (no. 8) had initial improvement in diarrhea but had positive stool testing with symptoms within 2 weeks after FMT. Both patients were treated with vancomycin followed by repeat FMT with successful resolution of CDI ([Table 2](#T2){ref-type="table"}, [Fig. 1](#F1){ref-type="fig"}). *C. difficile* toxin immunoassay or glutamate dehydrogenase antigen (GDH) testing was not available at the institution.

###### Characteristics of Patients With FMT Recurrence and Subsequent Treatment

  Serial number   Antibiotic use before initial CDI   Number of recurrences before FMT   Antibiotics used to treat initial CDI   Antibiotic use before recurrence   Time of recurrence after FMT   Treatment for recurrence after FMT   Death
  --------------- ----------------------------------- ---------------------------------- --------------------------------------- ---------------------------------- ------------------------------ ------------------------------------ -------
  1               Yes                                 6                                  M                                       Yes                                18 months                      V                                    No
  2               Yes                                 5                                  M                                       \-                                 None                           \-                                   No
  3               Yes                                 3                                  M + V                                   \-                                 None                           \-                                   No
  4               Yes                                 4                                  M + V                                   \-                                 None                           \-                                   No
  5               Yes                                 3                                  M + V                                   \-                                 None                           \-                                   No
  6               Yes                                 3                                  M                                       \-                                 None                           \-                                   No
  7               No                                  3                                  M                                       No                                 5 months                       FMT                                  No
  8               Yes                                 7                                  M + V                                   No                                 2 weeks                        FMT                                  No
  9               Yes                                 4                                  M                                       \-                                 None                           \-                                   No
  10              No                                  3                                  V                                       No                                 10 days                        FMT                                  No
  11              No                                  3                                  M                                       \-                                 None                           \-                                   No
  12              No                                  4                                  V                                       No                                 10 months                      V                                    No
  13              No                                  4                                  M                                       \-                                 None                           \-                                   No
  14              Yes                                 4                                  M                                       \-                                 None                           \-                                   No
  15              Yes                                 6                                  M                                       \-                                 None                           \-                                   No
  16              Yes                                 4                                  M                                       \-                                 None                           \-                                   Yes
  17              No                                  4                                  M                                       No                                 8 months                       M                                    No
  18              No                                  4                                  M + V                                   \-                                 None                           \-                                   No
  19              Yes                                 2                                  M + V                                   \-                                 None                           \-                                   No
  20              No                                  10                                 V                                       \-                                 None                           \-                                   Yes

FMT: fecal microbiota transplantation; CDI: *Clostridium difficile* infection; M: metronidazole; V: vancomycin.

![Response to FMT treatment. FMT: fecal microbiota transplantation.](gr-13-138-g001){#F1}

Four (20%) patients had late FMT failure or recurrence of CDI after 8 weeks of FMT. All had successful resolution either with repeat FMT or antibiotic treatment during the study period ([Fig. 1](#F1){ref-type="fig"}). Option of FMT was not available for patients with recurrence after 5 months due to treating physician no longer being available at the institution. Number of comorbidities or Charlson comorbidity index (CCI) was not associated with failure of FMT ([Table 3](#T3){ref-type="table"}). Antibiotic use for non-CDI prior to recurrence was reported in one patient.

###### Characteristics of Patients With and Without FMT Failure

  Variable                                 Early FMT failure (n = 2)   Late FMT failure (n = 4)   Total failures (n = 6)   Primary cure (n = 14)
  ---------------------------------------- --------------------------- -------------------------- ------------------------ -----------------------
  Age in years, mean (SD)                  65.5 (N/A)                  56.3(23.5)                 59.3(19)                 64(16)
  Gender                                                                                                                   
    Female (%)                             2 (100)                     3 (75)                     5 (83)                   8(57)
    Male (%)                               0                           1 (25)                     1 (17)                   6(43)
  Mean recurrences before FMT              5                           4.25                       4.5                      4.2
  PPI use at the time of initial CDI (%)   1(50)                       3 (75)                     13 (65)                  9 (64.2)
  Smoking history (%)                      11 (68.7)                   3 (75)                     14 (70)                  11 (78)
  Immunosuppressed (%)                     2 (100)                     1 (25)                     3 (50)                   3 (21.4)
  IBD (%)                                  1 (50)                      1 (25)                     2 (33.3)                 1 (7)
  CCI ≥ 5 (%)                              1 (50)                      1 (25)                     2 (33.3)                 6 (43))
  Antibiotic use prior to CDI (%)          1 (50)                      1 (25)                     2 (33.3)                 10 (71.4)
  Treatment of initial CDI                                                                                                 
    M (%)                                  0                           3 (75)                     3 (50)                   8 (57)
    V (%)                                  1 (50)                      1 (25)                     2 (33.3)                 1 (7)
    Combined                               1 (50)                      0                          1 (16.7)                 5 (36)

FMT: fecal microbiota transplantation; PPI: proton pump inhibitor; CDI: *Clostridium difficile* infection; IBD: inflammatory bowel disease; CCI: Charlson comorbidity index; M: metronidazole; V: vancomycin.

Immunosuppression predisposes to FMT failure but FMT is successful in patients with comorbidities {#s3a}
-------------------------------------------------------------------------------------------------

Fifty percent (3/6) of FMT failure patients were immunosuppressed compared to 21% (3/14) in the primary success group. Immunosuppression was due to medications in all patients. Among the six immunosuppressed patients, two had early FMT failure, one had late failure and all of them eventually had sustained cure after repeat FMT or antibiotics.

Thirty-three percent of FMT failure patients had IBD (vs. 7% in the FMT cure group). Among the three IBD patients, one had early failure and one had late failure. All of them had sustained cure after repeat treatments. The FMT treatment and eventual resolution of CDI helped resume their treatment for IBD, thus helping the disease process.

Patients with early failure were older, late failure had higher PPI use {#s3b}
-----------------------------------------------------------------------

Mean age of FMT failure patients was slightly lower than those in the primary cure group (59 vs. 64 years), but the subgroup of patients with early failure were older (65.5 years). PPI use has been reported as one of the risk factors for recurrence (43) and our study reported a slightly higher use of PPI among those with recurrence or late failure (75% vs. 64%), but overall there was no difference between patients with failure and with FMT cure.

FMT appears safe in patients with comorbidities {#s3c}
-----------------------------------------------

None of the 20 patients reported side effects from FMT during the study period. One patient (no. 3) had nonocclusive small bowel ischemia during hemodialysis 10 days after FMT requiring exploratory laparotomy and distal jejunal resection. All-cause mortality was noted in two (10%) patients unrelated to FMT (one patient (no. 20) died of septic shock due to pneumonia, and the other patient (no. 16) died outside our facility and hence the cause is unknown). Both deaths occurred more than 2 years after FMT.

Discussion {#s4}
==========

The human gut is a habitat of diverse group of organisms, and everyone has a unique signature of gut flora composed of 100 - 1,000 species of microbes, predominantly of bacterial species \[[@R23], [@R24]\]. In adults, the gut microbiota appears to be predominated by three clusters: the Bacteroides, the Prevotella and the Ruminococcus-dominated enterotypes \[[@R25]\]. Age-related changes in the microbiota with concomitant decline in the normal immune system contribute to increased risk of infection in the elderly \[[@R26]\].

The gut microbiota has three major functions: metabolic, protective and trophic. An alteration in the gut flora could precipitate disease states, or in contrast, could be protective against certain diseases. Gastrointestinal (GI) diseases associated with alteration in gut flora are acute diarrhea, IBS, IBD and certain malabsorptive syndromes. Evidence also suggests that altered flora may initiate colon cancer \[[@R27]\]. Antibiotics can have short-term effects on gut flora and cause diarrhea due to overgrowth of *C. difficile* \[[@R28]\].

FMT was first described in the fourth century when a Chinese doctor administered feces by mouth to patients with severe diarrhea due to food poisoning, and had positive outcomes. Subsequent reports of similar success stories from 16th century Ming dynasty are found in literature \[[@R29]\]. More modern descriptions date back to 1958 when Eiseman and colleagues treated pseudomembranous enterocolitis with fecal enemas with improvement \[[@R30]\].

FMT can be performed with a related or unrelated donor. Studies have not shown significant differences in the results between the two \[[@R31]\], although the possibility of better response with super donors has been reported \[[@R32]\]. FMT can be administered via upper GI (nasogastric, nasoenteric, or upper endoscopy) or lower GI (colonoscopy or enema) routes. The first randomized controlled trial comparing FMT and standard of care was with nasoduodenal route \[[@R33]\]; however, there have been subsequent trials via colonoscopy. All except one demonstrated superiority of FMT over standard of care for recurrent CDI \[[@R34]-[@R37]\]. A recent meta-analysis did not demonstrate significant differences in efficacy or safety between different routes of administration (upper vs. lower), and between frozen or fresh samples. The choice of delivery depends on local availability, staff expertise and patient safety and convenience \[[@R38]\].

Cure rates of CDI with FMT have been promising \[[@R33]\]. However, there has been debate regarding success of FMT in patients with comorbidities \[[@R16], [@R20]\]. We analyzed results of patients undergoing FMT for recurrent CDI in a tertiary care center with FMT via colonoscopy being performed for the first time in the institution. We compared patients with FMT failure and cure. There has been no definite classification of FMT failure or recurrence in literature \[[@R39]-[@R42]\] and the 8-week period of early failure was extrapolated from data describing CDI patients on antibiotics and not FMT \[[@R21], [@R43]\]. Allegretti and colleagues remarked that patients with early FMT failure could be phenotypically different from those with late failure. They proposed categorizing them separately when interpreting results \[[@R21]\]. Their study categorized patients into primary nonresponders (failure within 1 week), and secondary nonresponders who were in turn divided into early (between 1 and 4 weeks) and late (\> 4 weeks). In our study, we consolidated patients into broader categories (early failure \< 8 weeks and late failure \> 8 weeks) after reviewing several classifications. As mentioned earlier, it is clinically not possible to differentiate reinfection from recurrence and the management for both is the same. Hence, we have categorized CDI occurring after 8 weeks as one group, namely, late failure or recurrence. Primary success rate in our institution was 90% (18/20) ([Fig. 1](#F1){ref-type="fig"}) and overall success rate was 100% over a long-term median follow-up period of 25.4 months which is comparable to the rates reported in other studies \[[@R16], [@R18], [@R44], [@R45]\].

We found that immunosuppression increased the risk of FMT failure; however, with a second treatment those patients were able to achieve a sustained response. Previous studies have also reported the need for multiple FMTs for immunosuppressed patients, as was required in our study \[[@R46], [@R47]\]. We did not find a difference in CCI among patients with and without recurrence.

FMT was well tolerated in our group. None of the patients had adverse events related to FMT. One of the reasons immunosuppressed individuals have been excluded from trials in the past is the potential risk for adverse events. Our case series reports that FMT is safe in this population. The side effects reported in other trials and systematic reviews include minor events such as abdominal discomfort, bloating, flatulence, transient fever, etc. and more serious events such as pneumonia, IBD flares, peritonitis, complications related to endoscopy and sedation \[[@R48], [@R49]\]. Little information is available regarding long-term effects of FMT, including onset of latent infections, diabetes, IBD, colon cancer, IBS, asthma, obesity, parkinsonism or Alzheimer's. Long-term immunologic effects of FMT is also a concern, and the ideal period for follow-up after FMT for adverse events is not known. Hence, recipients of FMT, especially patients with IBD and immunosuppression need to be informed of these potential side effects and risks before the procedure \[[@R48]-[@R50]\]. While post-FMT IBD flares have been reported in other studies \[[@R47]\], our series did not report any flares. However, the potential risk of IBD flare needs to be discussed prior to the procedure.

It has to be noted that this is a study with significant number of patients with comorbidities including those who were immunosuppressed due to various reasons (IBD, chemotherapy, post-transplant) over a long follow-up period. Only a few studies have reported outcomes in patients with comorbidities undergoing FMT for CDI recurrence over a long-term duration \[[@R16], [@R20]\]. This is one of the studies with longest follow-up period.

Being a retrospective and descriptive study, it has several limitations. The total number of patients is small. FMTs were done at a single center, by one gastroenterologist and in a limited time frame. Second, due to retrospective nature of the study, there are limitations related to chart review and missing data. Most patients in the area follow up in the hospital system, thus minimizing the possibility of missing outcome and safety information. Third, due to small number of patients, statistical analysis could not be performed to compare the different groups. Fourth, being a tertiary care center, there is a potential for referral bias.

In conclusion, our case series reiterates the safety and efficacy of FMT for recurrent CDI in patients with comorbidities. The long-term outcomes of FMT in patients with comorbidities seem to be promising. Prospective randomized trials evaluating FMT in CDI patients with comorbidities are needed to evaluate the implications of change in the microbiome with FMT over long term.
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